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A STUDY Of w'IhIIUU* COVc.lt rOd BO*.i> 1* 

THir.-StIe.LL PRcCAST CO! CULTS 

SYltOLSIS 

The purpose of the testa reported herein m to experi- 
mentally confirm the development of bond in thin-shell precart 
concrete* 

Both pull-out and beam-type specimen* were tested. Cover 
mas the principal variable but her types and diameters were also 
varied* 

Pull-out tests indicated an increased developed bond 
with thicker covers and bond Intensities of the magnitude of the 
American Conorete Institute working values* The beam tests indicated 
developed bond intensities of from three to five times the Code 
working values* 



INTRODUCTION 



The testa of the apeoiraena reported herein constitute the 
aeoond phase of en investigation of minimum bar e peeing and protective 
cover in precast thin-shell oonorete members. At the instigation of 
Mr* A* Amirikian, Chief of the Design Section of the Bureau of Yards 
and Docks, the first phase, consisting of tests on three bar pull-out 
specimens was done by Jubb, Loeffler, end Collins at Rensselaer 
Polytoohnio Institute in 1948. 

Numerous studies on bond have been made in recent years* 

These studies have produoed a variety of conclusions} but each has 
produoed new ideas on the theories and variables involved* 

With the increasing U6e of thin-shell precast sections in 
many types of framing, oonflicts arose between the present ACI and 
other building codes and the techniques peculiar to thin-shell conorete 
construction* Mr. Amirikian, in a recent paper presented to the ACI, 
stated in part, "The limitations of minimum bar spacing presently 
specified in ACI and other building oodes when applied to preoast 
conorete elements result in seotions suoh larger than design and 
construction considerations would normally require. Unlike conven- 
tional work, where the use of some excess material in a framing does 
not appreciably effect its cost, any added weight or section in a 
precast framing is reflected in the form of on almost proportionate 
Increase in oost. In somo projects suoh additions may not only 
cause waste of materials but also may render then unprofitable under- 
takings* Obviously, the new technique of construction can ill-afford 
to carry suoh a needless burden during its critical period of 
development." 



He alto stated that, "It is frankly admitted that In the 
preparation of the ACI code no thought mi given to the special 
conditions which now prevail in modern preoast concrete construction* 
It is also true that there was no intention on the part of the com- 
pilers of the code that it should serve as a guide in all types of 
work. The new technique differs in many rospects from the old." 
Therefore, in an effort to eliminate these differences in techniques 
and specifications, Mr. Amirikian has suggested, in part, that in 
setting up new specifications for thin-sholl precast concrete oon- 

struetionj (a) "Reinforcing of slabs and secondary reinforoing 

in beams, girders, and oolumns shall be protected with conorete equal 
in thioknecs to one and one-half times the maximum site of the coarse 
aggregate, but in no case shall the thickness of covering be less 
than 3/8 inch." And (b) ....."The minimum olear distance between 

parallel bars shall be one and one-half times the maximum size of 
the coarse aggregate." ...... and to omit the one inoh minimum spacing 

and cover requirement. 

Jubb, Loeffler, and Collins investigated three-bar specimens 
varying bar size, aggregate, embedment, bar spacing, and cover. 

Their prineipal conclusions were* (l) bond resistance is proportional 
to cover and spaoing for a given bar, and (2) bond stress is inversely 
related to bar diameter. Practically all of their specimens filled 
in tension, apparently duo to a wedging action of the bar, rather 
than flailing in bond. While their values for ultimate bond intensity 
oompared favorably with the working values set forth in the ACI code, 
they did not provide a groat enough safety factor to convincingly 
confirm the proposed ohanges in the oode. 



In continuing the Lnvertigttiotj, the authors proposed to 
design and test two -bo r speoinena with & light truss between bars* 
Oar diameter* type her* spacing, and cover were to be varied* The 
light trues was employed at the suggestion of Mr. Asdrikian in an 
effort to eliminate tensile failures and to simulate diagonal rein- 



fo roemont 



OUTLINE OF PROPOCLD TESTS 



VARIABLES II. LPKCIMEH&i 

1. Clear Bar Spacln^and Cover 

A. 3/8" (1.6 x max. size aggregate) 

B. 1/2" (2.0 x ox. size aggregate) 

C. 6/8" (2.5 x max. size aggregate) 

2. Bar Ty peg 

A. Plain 

B. Deformed 

3. Bar Dlaaetor 

A . 3/4" 

B. 1" 

NOTES i 

1. Aggregate Size - l/4" maximum. 

2. Embedment x 16". 

5. Cover and bar spacing equal. 

4. All specimens of two bars with a web truss. 

6. All specimens poured horizontally. 

6. Three specimens of eeoh type oo6t. 

TOTAL NUMBER OF SPECIMENS • 36 



DEECRIPTIOP OP MATERIALS USED 



SAND 

Tha fina aggregate used throughout this investigation was 
a Long Island sand known locally as "Cow Bay" sand with a loose 
volume weight of 80-lb/oubio foot and an average moisture content 
of 2^ 



table 

SIEVE ANALYSIS 

U.8. Std. 

Sieve l-'o. 

4 

10 

20 

SO 

40 



1 

OF SAND 

Percentage Passing 
by Y: eight 

100,00 

91.80 

34.10 

9.24 

1.40 



CONCRETE 

Le High Ri«Early and/or Atlas Hi-Early Portland cement 
which, met all current ASTM standard specifications for type III cement 
were used for all castings. See Table 4 for all pour data. 



COARSE AGGREGATE 



The coarse aggregate employed was a local crushed lime- 
stone of a loose volume weight of 90-lb/cubic foot and an average 
moisture oontent of 0*4^. 



TABLE 2 

SIEVE ANALYSIS OP COARSE AGGREGATE 



0 •£ • S td • 
Sieve Mo. 

1/4" 

4 

10 

20 



Percentage Passing 
by height 

100.00 

66.02 

2.99 

0.29 



REIt P0RCI1G BARS 

Deformed bars were of the "Twin-twist" and "Bamboo" pattern 
of S/4" and 1" nominal diameters. Plain bars were of S/4" and 1" 
oold rolled stock. All bars had the normal amount of mill scale and 
little or no rust. The yield point and the ultimate strength were 
determined in the 100,000-lb. capacity Southwark- Emery testing 
aaohine. 

TABLE 5 

PHYSICAL PROPERTIES OF BARS 



nominal 
Bar Diaa. 


Type 


Area 
in. ^ 


Yield Pt. 
Psi 


Ultimate St 
P«i _ . 


3/4"/ 


D(T-t) 


0.442 


45300 


83900 


5/4"/ 


d(b) 


0.442 


47600 


74400 


3/4"/ 


PL 


0.438 


41600 


66000 


1"/ 


D(B) 


0.786 


41300 


69400 


1"/ 


PL 


0.686 


81700 


49800 



TABLE NO 
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POUR LATA 



POUR 110. 


VOLUME RATIO 


UEIG11T RATIO 


rc/c 


ULT.COMP.ST 


1 


li l-l/2i 1-3/4 


1.1. 6:2.1 


6.8 


3306 


2 


It 1-1/2 1 1-3/4 


l:1.6t2.1 


6.6 


4000 


3 


li 1-1/2 il-l/2 


111. 6:1. 8 


6.5 


5930 


4 


li 1-1/2! 1-1/2 


lil.Gil.O 


6.6 


4997 


5 


li 1-1/2 » 1-1/2 


ltl.6il.8 


6.8 


4900 


6 


1 il-l/2 il-l/2 


111. 6:1. 8 


6.8 


4420 


7 


1: 1-1/2 il-l/2 


1:1. C:1.8 


5.8 


5000 



LAYS 

CURED 

7 

12 

7 

8 
7 

4 

6 



NOTEi (1) Zero slump in all pours except £1 which had 
a slump of 5"* 



(2) All tost oylinders end specimens were oured 

in moist send for the number of days specified 
in the lest column. 



(3) Computations were based on the following average 
values i (a) Sand 80 PCF 

(b) Coarse Aggregate • 90 PCF 

(c) Cement 76 PCF 

(d) Moisture in Sand 2.0^ 

(e) % Moisture in Aggregate 0.4£ 



PREPARATION OP SPECIMENS FOR TLSTI. 0 



After cutting the ateol reinforcing bar* to 59" lengths, 
two like ber« were placed in a jig and four 1/4" aquare croaa-pieoea 
were aro welded onto the main reinforcing bar a. These were placed 
at regular intervals over the 18" imbedment area with oere being taken 
to havo moro than tho tested oover at tho onda of the specimen. They 
were placed at a 45° angle so as to form a light truss and to simulate 
diagonal reinforcing. 

A wood end form and a 1" bearing plate with proper sire 
holes and spacing were slipped over tho free end of the main bars and 
then two 3" x 3/4" round lugs were arc wolded to each main reinforcing 
bar at the loaded end and projecting perpendicular to the plane of 
the reinforoing bars. A oross-pieoe was then weldod between lugs on 
opposite bars for greater rigidity and to prevent any tendency of the 
loaded ends to move with reapeot to each other during testing. All 
wolding was done in the Welding Laboratory of Rensselaer Polytechnic 
Institute. 

The bars were then ready for the casting of the specimens. 

All oastings were made at the U.S. Naval Supply Depot, Scotia, New York. 
The wooden forms (soe photographs) were oiled and properly spaced. 

The concrete was hand mixed in various proportions as shown in the 
table of data on the mixes. The concrete was poured horizontally in 
layers and rodded. 

The forms wore removed after one or two days and the speci- 
mens were then cured in moist sand as shown in the table with tho data 



for the mixes 



Two tost cylinders were poured tit the tin© of each mix 
and oured in exactly the same way as wore the specimens of that mix. 
The oylindors and the pull-out speoimenu were tested at the same 
time. 

The boaring end of the ooncrete was capped for the four 
one-bar specimens but beoauso the formwork left a smooth surface 
perpendicular to the axis of the reinforoing bars, no two-ber speci- 
mens required capping* 

The specimens were then taken to the Strength of Materials 
Laboratory at Rensselaer Polytechnic Institute, placed in the testing 
apparatus, and pulled to failure* 
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Typical steel assembly for a l n deforaed bar, 5/C spacing and 
oover roeciaien, tfote -web truss, bearing plate, and lu' s. nd 
piece is wooden fonn used in casting. 
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FIGURE #2 

Typical form assembly prior to casting pull-out specimens. 




FIGURE i g 



Completed pull-out specimen reedy Tor testing, ^ote the tie 
rroldod across the lugs. 
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DrrCRII'TIOH OF TtLTIFG AHARATUS 



TESTING YOKES 

The same testing yoke s were ucod a< were designed and on- 
ployed by J.Yr. Collins, G.F. Jubb, and H.R. Loeffler, Jr., in their 
"Study of Mlniicum Bar Spaoing for Fond in Thin-Shell Precast Concrete" 
(5 bar specimens) in the spring of 1946. Thie apparatus oonsiste of 
two reotangul&r yokes similar in detail except that the -vertical 
mombors of the upper yoke are longer (enough to test a speoimon with 
a 24" embedment) than those of the lower yoke. All cross-pieces were 
of two 1" x 5" x I'-G" oold rolled steel separated by the vortical 
members and a l/4" spaoer. The vertical members were two 6/8" x 4" 
bars* Each joint was pin connected with a 1-1/2" bolt. Faoh yoke was 
secured to its respective orosshead on the testing maohine by a 
2-1/2" x l'-6" bolt, whose shank was machined on two sides to a thick- 
ness of 1-7/18" to permit the bolt to fit between the bars of the yoke 
oross-piece8. 

The design load for the yokes was 100,000 lb. The design 
defleotion for the cross-pieoes ms a practical minimum* 

BEARING PLATES 

The same bearing plates as designed by Jubb, Loeffler, and 
Collins were used in addition to several others of the same type 
which were fabricated for this investigation. These plates ore 1" x 3" 
stock and are used to transmit the load from the lower cross-piocos 
of the upper yoke to the speoimen. 
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PlOJrtK i 6 



Pull-out specimen plaoed in testing rig prior to testing 
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INSCRIPTION OF TLbTlhG P.iOoEDURK 

Considerable difficulty mi experionoed in leveling up the 
tenting yokes in tho machine. However, by (1) shimming the plate 
which supports the upper oross-pieoe of the upper yoke, (2) coking 
sure the cross-pieces and vertical members were in the correct pairs, 
and (S) letting the upper oross-piece of tho upper yoke hang free 
enough so that it was not bound by the upper orosshead of the testing 
machine, the yokes were level and produoed no asoertainable ecoentricity 
in loading* 

The speoilaens, in the testing apparatus, were supported by 
a bearing plate which in turn was supported by the lower cross-piece 
of the upper yoke* 

The load was transmitted to the speoimen bars at the lower 
end from the upper oross-pieoe of the lower yoke through the bolt 
oolumns to the welded 3" lugs and thenoe to the main reinforcing 
bars* 

The bolt columns oonsisted of four 5/8" x 1-1/4" tap sorews, 
the head of oaoh 6orcw bearing on the welded lug and the nut bearing 
on the loY/or faoe of the upper cross-piece of the lower yoke. To have 
theso bolt columns take the load, minimum olearanoe was used and all 
nuts wore taken up finger tight. The first 1000 lb. of load was 
usually applied by hand. 

The load Y/ns applied at approximately 6000 lb/nin. using a 
100,000 lb. capacity fluid support Southwark-Rmery testing maohine. 



RESULTS FOR PULL-OUT SPECIMENS 
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FIGURE £ 6 

Pull-out epocinen after loading showing a typical compression 
failure. Note cone at compression face near tne bearing plate* 
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Pull-out spocimon after loading showing typical pronounced vertical 
cracks between bars* (tensile fhilure)* 




FIGURE #8 

Pull-out specimens after loading showing typical rerticcl oracles 
in the plene of the reinforcing bars* (tensile failure). 



25 “ 




mmmmmmmmmi 

ES8SSSH 



st:sisya:u« 

wmmwwgmwnxmnumm 



55SHSSSSSSSSSS 



mummmmmm 









26 




SSBSSB 



mmmtonmm 

MBftWllgi 

liagasam 

mmmmmwm' 

fSSSSSSSi 



iSSSSaSaSnaSSSSi 

!88888S888SSSS8i 



!■■■■■■■■■ 

!■■■■■■■■«! 



M3ss»S3!»iiS«si! 
















!i»E:!£ 3 »!iS 3 »i:iiSs 

SSESSHHSSSESHHKSKB 

nHRBHlMaanBiiHMaBaaaaHgMMi 

!SSSniiSSSgSSSE«5ESSES«aSi 

s:seses:s::ss:sssss:s:r! 



KrfKrfUscnatttBBH^vHffMKanuamii 

mxummmmmmmwmmmm aavix&RBRtf br* n 
PMMii35ffa«aaaHSMRR«RaaRMai3Kfii 



irri*»rr*rr»krrrmbrrrrb«m»rb«»b**rbnr 

pttslaMMaisiKEiaaKiiQiMaaaHaaiBRftSMMaaaMaH 

RKRHRHRHf«RRRRRaaaaRRRRHR«*«*''iRRaR 

S 5 SSSS 8 SSiSSSS§^ 8 SSS: 5 S 8 ::SSSS 5 S 5 S 

S5S«SSSS§S»s88S55SSSSS:SSS:SS»SS 

BiCMPSStfBaBKKaaaMMaNaMBaaHRNaNHHwwa 

■3g:»iMNM«*»KflBBaMawBai5KMBisiB»aa« 

a«i9HH5flaaaH»aaKSffxaaKMaaaKa»M«vjiaH 

■kSSSSSSSSSSSSSESSSSESSSS«ESE"SSS*S 

SSESSSEESESSESSEESSSSEEESSSSSSESSSS 

RaNBRKMRBBRBMaagRRMSRff&IXRRRMRRaaBKB 



IfRRRSRKRBRRRIIRRHHMIB 
igfc lflRRRM9RRlt&ftRRRX«a 
UHl)IKKINII«KIBft«X»ll 



Ega«aBaKK«aHaBaaaaaaaMaBM< 

iSaaK»«aHaaNai«RiBRaaa»aaw 

!SS»S”32kbSSS5c&SE2S3S338 

IlSHflRIVISiiVaHIlllllHISR 

tilKSpaRaKRBBKauaiaiHiaaaMi 



iSSSSSS! 



!333E33333S2333S:»5SSS33£ 

!SS8888SSSSSS8SSii8SBS88SS£ 



COV£/Z , MCHES 





! 











28 




5SSSS5 



waaaaiBaaRRKaRRRBD 

laaaaaaBBaaaaaaaaaai 

aaaaBMaiBaaaaaaaaai 



RHRRRRRRBRB 

iunmBKi 

IB1BBBCBBBRB 





BOND MT£NS/TY . BS/ 



25 




BAB DtAMEreQ. . MCHES 






JO 




HBBBBtfflBiaBfcflMB 

\mmmmm*4m* mnnxmn 

BBK V1RP0 VBB9BM449V 

*b«»bb*« mummumm 

hs»:!»:sks: 

■■■■■ittavaattiiatf 

SsasSsslsssini 

mmmmmt ibbbbbbbbb 

iBBBBaBBflflBBBflBB 

<IHNHIINVIXRiliill 

BBBBBBBBBBBBBVB 

amafliBBBMBBJtBBB 






as 3 K:s::ssi:san::KS!i!B:u:« 

iNilErvsiiiiiiwiRKKiifliimHiEHiaiftikiiR 

[KflHBSBBaBMIfi*BBBMRaBBBBBBBaHflaBK 4 «fl 

WHainiiaMiEaaicflaaaaaiHBBHSBanKaaaa 

iaaacaflaaiBiiauiBHRBiaaaaaaiiBifMaaBnia 

sssEassssua&ssssauBaaas: 

iHaiBiissraassBiiSi: 

laaaaBBaaSaaaanaxaaaaaaaBaaaaMKaaa 

laaaaaaaiaaaaMBiaaaBaaaaHBaaaaaaaa 

laaaMRaKHaHaaafliBBaiaaaaBBaaaciBaaB 

IBMBBBBBaRMMMBHBNBBBBBMBBBRBflffHBRfl 

aaaHMHMaBBKaaBaaaaBMMBMBBRMaBBaBii 

[UfaMaaaaBaMaMRaBiiBaaBaEaanafiBKBB 

ilia«aBRaBaMwaBaxfiBaaHBaBMBBaNMaaB 

ia95SBaaMBBaaNBaaBaBaBaaBaaaMBaaaB 

K)|lJ^lilRMBVfePriJMN>«BIPII 4 Al«ai 



:aaaaaaB(BaBaBBaaaBBBBBBaaafl 

FaBaaBBBBBaaaaBaaBBBBBBBaBB 
iBBBaaaBBaaaaBflBaBBaBaBBaBa 
«R&BBaaMBa*BBBSBBB«BBHflflBff 
mmmmmmmmmmmmmmmmmmmmmm bbbb 

naaaaaBBaBBiSBaMBBaaflBaBaa 

nflBaBaBaaaaBBaBBBBBaflBBBBfl 

HBBBeaBaaaaaaBBflBBaaaBBBBB 

raBBKiBaBBaaBBBBBBaBBBBafla 

IMMKBflHCaaMBBBBBBMfiBBB&RBaB 



mnmuummmmmmm 

iUiaSsUiii 

IMBBBBBBiSBBB: 



BAR J)MM£ re/e , INCHES 







31 



TABLE NO . ^ 

REPRESENTATIVE RESULTS OF TWO-BAR SFLCIMLNS CCM1AK TO T. kLE»BAR 



SPECIMENS 


; (J T JBB, 


LOBFFLER, 


COLLINS )| 


SAME COVER, 


EMBEDMENT, 


ETC. 


RAH 


SPAC.& 


TYPE 


BOND INTENSITY 


£ 

>-* 

O 

>~3 

O 


f » 


DIAu« 


COVER 


BAR 


2 iiAK 


3 HAH 


2 HTE 


"3” BAR 


5/4 


1/2 


PL 


232.8 


141.5 


.0543 


.0283 


3/4 


3/8 


D 


196.0 


114.0 


.0432 


.0284 


3/4 


1/2 


D 


185.5 


177.0 


.0406 


.0440 


3/4 


5/8 


D 


256.3 


225.0 


.0522 


.0432 


1 


3/8 


PL 


122.7 


6C.5 


.0224 


.0133 


1 


1/2 


PL 


151.1 


121.0 


.0282 


.0242 


1 


5/8 


PL 


226.6 


161.0 


.0431 


.0322 


1 


3/8 


D 


175.8 


66.0 


.0339 


.0212 


1 


1/2 


D 


329.0 


146.0 


.0673 


.0363 


1 


6/8 


D 


371.6 


212.0 


.0642 


.0536 



KOTEj TCO-BAR SPECIMEN VALUES ARK AVERAGES OF SEVERAL LIKE 
SPECIMEN'S TESTED 

TJiREE-HAR SPECIMEN VALUES ARa FOR THE ONLY COMPARATIVE 
SPECIMEN TESTED 



32 



DISCUS £.101* OF FULL-OUT T . TS 

A total of 34 pull-out type specimens were cast end tasted 
to failure. Of these. 27 were a pert of the original schedule of 
36 specimens. 5 were pilot specimens, end 4 were of e apeoiel type to 
be discussed later* 

In general, failures were of the same types experienced by 
Jubb, Loeffler, and Collins. The most typical failure was by rertioal 
tensile cracks in the plane of the bars, the presence of the web truss 
notwithstanding. (Figs. 7 and 8). Compressive failures of the 
bearing face were observed to sone degree in many specimens as 
evidenced by spalling or a oone shaped wedge between the bars. (Fig. 6). 
Buckling was apparent in some speoimens. probably resulting from 
secondary failures. Speoimens whioh developed relatively high bond 
vulues failed explosively. (See results on specimens #31. 32. 34. 
and 36). 

With respect to failures, it is noted that in some cases 
specimen dimensions limited the ultimate load to that of a compressive 
failure developing before the desirod bond intensity oould be realized. 
Nevertheless, failures, in general, occurred considerably before the 
ultimate compressive strength of the ooncrete was developed. 

Bond as originally and strictly oonceived was a phenomena 
of adhesion and friction. The oonoept has been enlarged to include 
deforming and special anchorage of the bars which, properly speaking, 
are processes of physically looking the reinforcing steel into the 
concrete mass. In an effort to obtain an indication of exactly whet 
parts were played by friotion and adhesion and by mechanical inter- 
locking. four single bar specimens with l/2" cover were fabricated. 
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The 1” deformed reinforoing bare were wire brushed to a uniform 
surface oondition. Two bars wero then oiled on the embedment surfnoe 
to destroy adhesion and reduce friotion. The other two bars were 
oast as brushed* It was expected that the oiled spooimens would 
develop bond intensities lower by approximately the amount of adhesion 
and friotion than the unoiled specimens* Howover, there was no such 
indication. Apparently the effeot of pure bond is lost in the such 
higher apparent bond developed by the bar projections. 

The results of the pull-out tests were disappointing. The 
use of the web truss had no appreciable effeot in reducing the tensile 
failures. The anticipated increase in bond intensity over thoee 
values obtained by Jubb, Loeffler, and Collins was not nearly as high 
as hoped. (See Table 6). For plain bars and for any strength of 
oonorete, the ACI Code gives an allowable bond stress of 0.04f 3 but 
not to exceed 160 psi. For plain bars in this investigation the re- 
sults varied from approximately 0.059f c ’ (170 psi) for 3/4* bars with 

3/e" cover and spacing to 0.0436f o * (226 psi) for 1" bars with 5/8" 
cover and spaoing. For deformed bars and for any strength of ooncrete, 
the ACI Code gives an allowable bond stress of 0.05f c ' but not to exceed 
200 psi. The deformed bars of this invostigation showed results vary- 
ing approximately from 0.0435f o * (200 psi) for 3/4" bars with 3/8" 

cover and spaoing to 0.0842f 3 ' (372 pal) for 1" bars with 5/6’' cover 

and spaoing. (Cee Tables 5 and 6 for exact end oomplete results). 

Thore was little ovidenoo to substantiate the contention that code 
bond intonsities could bo used in thin-shell design with the minimum 
or very near minimum cover and spacing as utilised in this investigation. 
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There was a definite pattern of increased bond intensities 
as coyer increased, confirming the finding* on the three-bar specimens, 
evnd further dampening hopes that bond could be developed with thin 
covers. (See Figs. 9, 10, 11, and 12)* 

The effoot of increased bar sice on bond intensities was 
inconclusive. The results of the deformed bar analysis on this phase 
of the investigation ore to bo viewed with caution since the 8/4" and 
1" bars were of different patterns. (Figs. IS and 14). 

If one definite final conclusion can bo drawn from this in- 
vestigation, it is that conventional pull-out tests are not the answer 
for thin-shell investigations. First, if bond intensities of satis- 
factorily high values were to be developed, the compression face would 
be loaded past the ultimate compressive stress. Seoond, the test prism 
assumes a long thin shape and is susceptible to column action. Any 
slight deviation from the perpendicular produces sooentrio loadings, 
and localized failures. Third, the speoimon because of its small siza 
cannot be considered homogeneous. The averaging effeot of a large 
oonorete mass is lost, and localized failures instead of resulting in 
load distribution to tho surrounding oonorete, result in total failures. 
The small size of specimen also caused difficulties in pouring, the 
weight of ooncrote involved in a specimen being so slight as to require 
hand rodding of virtually every partiole. Finally, the test is un- 
realistic from tho standpoint of stresses. The concrete is in com- 
pression and the steel in tension in the pull-out tests whereas in the 
actual structural member, the stresses in both ar# of the same nature. 

Tho 27 spooimens previously mentioned covered the range of 
variables decided upon in the original eohedule of tests, and, when 
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it beoame evident that the results were to be essentially negative, 
it was concluded that farther tests of this nature would be of no 
preotical value* 

The results reduced to two alternative conclusions* Either 
the tests were right end the required bond oould not be attained or 
the tosts were in error and some defect in the testing procedure pre- 
vented development of the desired bond value. As previously stated, 
the testing procedure was viewed with inoroasing suspicion as the 
tests progressed* 

frith the approval of Admiral Conbs, it was deoided that a 
substantiating investigation utilising beam type specimens would be 
undertaken in lieu of oompleting the schedule of pull-out tests* It 
was hoped that, by this means, the value of the pull-out results could 
be definitely established* 

The following section will deal with the beam tests* 
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TK3T OP B£AJ£-TYPE SPECIKBJI8 



Design : 

The specimens wore designee in acoordonce with current 
specifications of th6 Amsrioan Concrete Institute with two exceptions. 
First, working values for steel stresses were taken as 3S0QC psi, 
twice the working values prescribed by the American Institute of 
Steel Construction. This vas done to avoid the use of two reinforcing 
bare throughout and a resultant decrease in bond intensity. The 
36000 psi figure was well below the yield stress for the 3/4 " deformed 
bars employed — 47500 psi. Second, the design bond stress was .16f’ 
three times the permissible bond intensity allowed by the ACI. The 
latter was done to make the speoinen particularly liable to failure 



in bond 
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DfcSISS FOR IHlK-SiiELL TEET BFAK UCIIiO 3/4" ECPORtfED 

RZIJ«>ORCIW3 ETESL 



Design Stresses — A* C.I. Code 

f 0 * •46f ( j 

v • *06f o ' (web reinforoed, no special anchorage) 
r b r .26f e * 

Tho bean is designed to develop a bond Intensity of u s *16f^ 

three times the value peraitted by the A *0*1. Code* The design is 
based upon the foil owing assumptions s 

f 0 ' = 4000 psi 
j r .66 
K : 360 

d s 10" 

L = 36* 

To develop the required bond intensity 
v = 

« (600) (2*356) (.06) (10) r 12000 lbs 
Required Area to re slat Shea r 
v ■ 240 pal 




Use a 6” 



bd s V 
x 10" section 



12000 

(240)(.65) 



66.6 in 2 



Stirrup Design 

T* - 240 - 60 s 160 psi 

£ * 16" 

b - 



6 " 
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DSSIGJ3 FDR TEST BEAM (COJ!T.) 



Stirrup Design (Cont. 

f T z 18000 pal 

f » : 4000 pal 



x z 45° 

B = 1.41 

- 1.0 (Table) 

Maximum Spacing a 10" 



Try l/2*/ stirrups 



1 _ (Ekx, v* )(b) 

1 ' (3)(* T )(f T ) 

K s 6S(2 Max.*) : 



Z (160)(6) : 

(l.4l)(18000)(.20) 

9(.580) s 3.42 or 7 « 5" 



.190 



Bearing Plates 
End Areas 



12000 

1000 



12 in 2 



Use 1-1/2" x 0" Plate 
Center Area 



24000 

1000 



24 in 2 



Use C" x 4" plate 



Check for Momenta 

Developed Moment - 14(12000) - 168000 ip 

- 2 

Max. Comp. Moment - Kbd 

= (360)(6)(10) 2 . 210000 ip 
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DBSIGK FOR TrifcT BEAM (C01T.) 



Check for Moaents (Cont.) 

Max. Tensile Moment 

1 Bar M = A g f g jd - ( .44)(3C000)( .85)(10) 

s 154600 ip 

2 Bars M s 269200 ip 



Wt. of Specimen 

(36)(10)(6)(160) . 

1728 



167.6 lb 






s *V 9 *S • «*A 

wt+m n 
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FIGURE #17 

Steal assembly fbr & beam test specimen 
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TEST OF BSAK-TTPB SPRCXHSBS (Cont.) 

Ihbrication t 

In the construction of the beams, the diagonal steel was 
tack welded to the main tensile steel (Fig. 17)* These welds were 
purposely made weak so as to barely withstand handling* This pro- 
cedure was taken to minimize the interference of the diagonal steel 
with the tensile steel* 

The completed steel assembly was bedded in the forms (Fig* 18) 
on a previously plaoed layer of oonorete. Succeeding layers of con- 
crete were placed and hand rodded until the pour was complete. The 
forma were' stripped the next day and the beams were cured for six days 
in moist sand* 

Teating i 

, The first step in tho testing procedure was the capping 
of all compression faoes with plaster of Peris* After the caps had 
set, the beam was placed in the Southwark-Rnery testing machine (Fig* 19)* 
The end bearing plates woro mounted on knife edges, free to rotate 
about an axis parallel to that of the beam. The oenter bearing plate 
was loaded through a spherical bearing block. This minimised the 
possibility of eecentric leadings* Federal dial gages (0.001 H ) were 
mounted bearing on the exposed ends of the reinforcing steel to 
measure slip between the steel and the ness of the concrete. The 



beams were then loaded to failure 
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Formwork for beam tost specimens. liote cteel pieced in left hand 
form reedy for casting. 
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RESULTS OF Bi'Abi TLSTS 
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TSSTS im B^AM-TYPS £ PKCB.ETT- (Gont.) 

Kesults and Discussion : 

While the results of suoh a en&ll number of specimens are 
not necessarily conclusive, the date, obtained in these tests was very 
encouraging. The bond intensities, obtained from the conventional de- 
sign formula, varied from O.lOSfQ to 0.274^ (Table 7). The only 
beam to exhibit typical bond failure, i.e. splitting in the plane of 
the bar, was the 1/2" cover specimen and this bond failure did not 
develop until virtuelly the ultimate load (0.262f(J). There was no 
evidence of a bond failure in the 5/8" specimen (0.274fg). Finally, 
the 5/8” specimen, with the exception of a localized compression 
failure on an end bearing area, was perfectly sound after loading. 

The one hair-line crack which opened during loading could not be seen 
after removal of the load (0.204f^), 

Beam tests appear to be a better approach to the determina- 
tion of bond in thin-shell sections because of the elimination of many 
of the disadvantages of pull-out tests. (See "Discussion of Pull-Out 
Tests"). 

(1) The specimen can be designed for adequate bearing 
area to take load required for development of high 
bond intensities. 

(2) Column aotion is eliminated. 

(3) While the problem of looalized failure is still present 
in the thin cover, the large mass of ooncrete in the 
oompres8ion area of the beam aids in compaction around 



the bar 
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(4) The beams are flexural members as are the precast 
thin-shell sections used in actual practice. 

These beam tost3 should be considered as a reconnaissance 
end, as such, are promising. The development of the desired bond in- 
tensities seems possible. However, considerable substantiating work 
with beam-type teste remains to be done before definite conclusions 
can be drawn. With an eye to such future work, the design, f&brication, 
and testing of the beams have been reported in sontewhat greater detail 
than would otherwise be required* 
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CCi CLUS10KS 



1. Within tho limits of the pull-out tests, bond resistance for a 
given bar size ia directly related to the thickness of the 
surrounding cover. 

2. Pull-out testa do not appear to satisfy the requirements for 
bond tests in thin-ehell specimens. 

S. Kithin the narrow limits of the beam tests reported herein, the 
development of sufficiently high bond intensities to assure an 
adequate safety factor with thin oovera seems possible. 



I 
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TOPICS FOX FURTHER INVESTIGATION WITH RESPECT TO BOKO 
IN TH IK -SHELL PRECAST CONCRETE 



1. The determination of the effect of cover on bond by a comprehensive 
series of beam tests* This would require a beam design assuring 
a bond failure* 

2* The possibility of increasing bond by bar treatment with a sub- 
stance adhesive to steel and which will form an intimate mixture 
with the ooncrete adjacent to the bar* 

S* An analysis of the load distribution on a reinforcing bar, using 
a section of steel tubing* with and without lugs* and fitted on 
the inside with resistance wire strain gages to determine the 



transfer of load ft* ora concrete to steel 
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G&KEMlL befehekcks 

The following references contain inform ti on relative to 
bond in thin-shell precast construction. For detailed bibliographies 
covering tho broad aspects of bond and tests for bond, the reader is 
referred to (2) and (3) bolov/. 

1. Aairlkian, A., "Proposed Specifications for iniuum Bar 
Spacing and Protective Covor in Precast Concrete Framing 
Members". Presented to the 46th annual convention of 
the American Concrete Institute, February, 1950. As yet 
unpublished. 

2. Collins, J.W., Jubb, C.F., and Looffler, K.H., Jr. 

W A Study of Minimum Bar Spacing for Bond in Thin-Shell 
Preoast Conorete r . Rensselaer Folyteehnlo Institute, 

June, 1948. 

This thesis covers the initial pull-out tests on three- 
bar specimens and laid the groundwork for the investi- 
gation whioh has been prosonted heroin. 

3. Gilkey, H. J., Chamberlin, S.J., and Beal, H.T,. "Bond 
Between Concrete and Steel". Iowa Engineering Experi- 
ment Station Bulletin $147, 1940. 

This comprehensive report is the definitive work to date 
on bond investigations. 

4. Aairikian, A., "Precast Concreto Structures", Journal 
of ACI, December, 1946. 

5. Amirikian, A., "Precast Concrete Storehouses", Journal 



of ACI, June, 1947 



















•• . 



. 












. 












QA2B DUB 



12849 



Thesis 

R89 Ruppel 

A study of cover for 
bond in thin-shell pre- 
cast concrete. 



Thesis 12849 

R89 Ruppel 

A study of cover for 
bond in thin-shell pre- 
cast concrete. 



